ABSTRACT: There is growing evidence in support of the involvement of inflammatory response in the pathogenesis of osteoarthritis (OA). Harpagoside, one of the bioactive components of Harpagophytum procumbens (Hp), has been shown to possess anti-inflammatory properties. Here we used an in vitro model of inflammation in OA to investigate the potential of harpagoside to suppress the production of inflammatory cytokines/chemokines such as IL-6 and matrix degrading proteases. We further investigated the likely targets of harpagoside in primary human OA chondrocytes. OA chondrocytes were pre-treated with harpagoside before stimulation with IL-1b. mRNA expression profile of 92 cytokines/chemokines was determined using TaqMan Human Chemokine PCR Array. Expression levels of selected mRNAs were confirmed using TaqMan assays. Protein levels of IL-6 and MMP-13 were assayed by ELISA and immunoblotting. Total protein levels and phosphorylation of signaling proteins were determined by immunoblotting. Cellular localization of IL-6 and c-Fos was performed by immunofluorescence and confocal microscopy. DNA binding activity of c-FOS/AP-1 was determined by ELISA. Harpagoside significantly altered the global chemokine expression profile in IL-1b-stimulated OA chondrocytes. Expression of IL-6 was highly induced by IL-1b, which was significantly inhibited by pre-treatment of OA chondrocytes with harpagoside. Harpagoside did not inhibit the IL-1b-induced activation of NF-kB and C/EBPb transcription factors but suppressed the IL-1b-triggered induction, phosphorylation, and DNA binding activity of c-FOS, one of the main components of AP-1 transcription factors. Further, harpagoside significantly inhibited the expression of MMP-13 in OA chondrocytes under pathological conditions. siRNA-mediated knockdown of IL-6 resulted in suppressed expression and secretion of MMP-13 directly linking the role of IL-6 with MMP-13 expression. Taken together, the present study suggests that harpagoside exerts a significant anti-inflammatory effect by inhibiting the inflammatory stimuli mediated by suppressing c-FOS/AP-1 activity in OA chondrocytes under pathological conditions.
Osteoarthritis (OA) is a global degenerative disease of the articulating joints and is increasingly recognized to have a significant inflammatory component. Etiology of OA is multifactorial but joint trauma, genetics, age related wear and tear, or obesity are believed to be important risk factors. When clinically evident, OA is characterized by joint pain, tenderness, limitation of movement, crepitus, occasional effusion, and variable degrees of inflammation without systemic effects. Innate immune response elicited against the initial damage leads to a state of chronic articular inflammation that further results in propagation and progression of cartilage degradation and develops into clinical OA. [1] [2] [3] [4] High levels of a number of cellular and soluble factors including inflammatory cytokines, such as IL-1b, and chemokines have been shown to be present in the OA joint. 4 IL-1b plays a pivotal role in OA pathogenesis by triggering a cascade of cartilage damage events such as enhanced production of IL-6, MMPs, COX-2, PGE 2 , and NO.
2-6 IL-6 is one of the three major inflammatory cytokines, along with IL-1b and TNF-a, implicated in the cartilage damage due to inflammation. 7 Significant correlations between levels of IL-6 in the serum as well as in synovial fluid and OA severity have been reported. [8] [9] [10] IL-6 brings about the damage to the cartilage by acting on both anabolic and catabolic mechanisms of cartilage physiology. IL-6 has been found to be a crucial mediator of MMP-13 levels in HIF-2-a induced OA. 11 In combination with IL-1b and Oncostatin M, IL-6 up-regulates the production of catabolic enzyme MMP-13. 12 In other studies, IL-6 has been shown to inhibit the expression of type II collagen. 13 Extracts of the secondary roots of H. procumbens (Devil's claw) have been used since centuries without notable side effects as a traditional therapy to treat inflammatory diseases. 14 Recently, in Europe it has been recommended for the management of pain and inflammation in OA. 15 Several clinical trials have shown good tolerability and anti-inflammatory effects of H. procumbens-containing products. 16 Harpagoside and harpagide are the two main bioactive components found in the roots of H. procumbens and have been implicated in its ant-inflammatory effects.
14 Harpagoside has been shown to inhibit indistinctively both COX-1 and COX-2 (37.2% and 29.5%, respectively) activity and greatly inhibited NO production in vitro. 17 Harpagoside, has also been reported to inhibit the production of IL-1b, IL-6, and TNF-a by RAW 264.7 mouse macrophages. 18 However, the effect of harpagoside on IL-1b-induced inflammatory response of OA chondrocytes has not been fully elucidated.
In the present study, we determined the IL-1b-induced expression profile of chemokines and cytokines in human OA chondrocytes. We found that the expression of IL-6 mRNA and protein was highly increased in IL-1b-stimulated human OA chondrocytes. Next, we studied the effect of harpagoside on IL-1b-induced expression of IL-6 and elucidated the mechanism of IL-6 suppression by harpagoside in human OA chondrocytes.
MATERIALS AND METHODS

Reagents
Media and other reagents used for cell culture were purchased from HyClone Laboratories (Logan, UT) or from Life Technologies Corp (Carlsbad, CA). Pronase and collagenase A were purchased from Roche Diagnostics (Indianapolis, IN). Recombinant human IL-1b was purchased from R&D Systems (St. Paul, MN). JNK inhibitor SB600125 was from Calbiochem (EMD Millipore, Rockland, MA). c-Fos inhibitor T-5224 was purchased from MedChem Express (Monmouth Junction, NJ). Primary antibodies against IL-6, c-Jun, MMP-13, and b-actin were from Santa Cruz Biotechnologies (Santa Cruz, CA). Primary antibodies against c-FOS, P-c-FOS, P-c-Jun, p65, P-p65, C/EBPb, and P-C/EBPb were from Cell Signaling Techonology (Beverly, MA). Harpagoside (99.9% pure by HPLC) was purchased from ChromaDex Corp (Irvine, CA) and INDOFINE Chemical Company, Inc., (Hillsborough, NJ). Gene specific TaqMan assays were purchased from Life Technologies Corp.
Human Cartilage Samples and Preparation of Primary Human Chondrocytes
The study protocol was reviewed and approved by the Institutional Review Board of North East Ohio Medical Unversity, Rootstown, OH as exempt and that no informed consent was needed. Discarded and de-identified knee or hip joint cartilage samples were collected from the donors who underwent total joint replacement surgery at Summa St. Thomas Hospital, Akron, OH. Cartilage was resected from macroscopically unaffected areas and chondrocytes were prepared by sequential digestion with Pronase (1 mg/ml) for 1-2 h followed by Collagenase A (1 mg/ml) digestion overnight. Chondrocytes (1.5 Â 10 6 /60 mm dish) were allowed to grow in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% Fetal Calf Serum (FCS), 100 U/ml Pennicillin and 100 mg/ml Streptomycin for 2-3 days after plating and only primary (unpassaged) chondrocytes were used in the experiments. At about 80% confluence, OA chondrocytes were serum starved overnight and were then treated with inhibitors for 2 h followed by stimulation with IL-1b.
Cell Viability Assay
To test whether harpagoside shows any adverse effects on cell survival, we performed cell viability assay using CytoTox 96 non-radioactive cytotoxicity assay kit (Promega Corp, Madison, WI) as described by the manufacturer. Briefly, primary human OA chondrocytes were seeded in a 96-well cell culture plate at a density of 18,000 cells/well in 0.2 ml complete culture media. At confluence, cells were serum starved overnight followed by treatment with different concentrations of harpagoside (100, 200, 300, and 400 mg/ml) for 24 h in 0.1 ml of serum free media. Cells treated with DMSO (vehicle) were used as control. Cells were lysed by 1% Triton X-100. Fifty microliter of the cell lysate was transferred to a new 96-well assay plate. Fifty microliter of the supplied substrate mix was added to the cell lysates. The plate was incubated for 30 min at room temperature, protected from light. Fifty microliter of stop solution was added to each well. Absorbance was recorded at 490 nm using Synergy H1 multi-mode plate reader (BioTek Instruments Inc., Winooski, VT).
Global Chemokine Profiling by TaqMan PCR Array
Primary human OA chondrocytes were serum starved overnight and then treated with harpagoside (300 mg/ml) for 2 h followed by treatment with IL-1b (10 ng/ml) for 16 h. RNA was isolated using RNeasy mini kit (Qiagen, Valencia, CA) and quantitated by spectrophotometry at 260 nm and 500 ng of the RNA was used to synthesize cDNA using HighCapacity cDNA synthesis kit (Life Technologies). Chemokine profiling was performed using TaqMan human chemokine PCR array (Life Technologies) and StepOne Plus realtime PCR system. Data were analyzed using Data Assist software (Life Technologies). We used MyD88 and 18S rRNA for normalization as these genes showed the best stability score calculated using geNorm algorithm.
Western Immunoblotting
Western immunoblotting for proteins of interest was performed as previously described. 19 Briefly, after treatments, OA chondrocytes were washed once with ice-cold PBS and were lysed in RIPA buffer (50 mM Tris-HCl, pH 7.5; 150 mM NaCl; 1% IGEPAL, 4 mM EDTA, 0.1% sodium deoxycholate; 10 mM Na 4 P 2 O 7 , 10 mM NaF, 2 mM Na 3 VO 4 , 1 mM PMSF, 1 mg/ml leupeptin, 1 mg/ml aprotinin) in the dishes on ice for 15 min. The cell lysates were cleared of cell debris by centrifugation at 13,000 rpm at 4˚C for 5 min. Total protein concentration was estimated using DC protein assay kit (BioRad Laboratories, Hercules, CA). Equal amounts of total proteins were resolved by SDS-PAGE and transferred to PVDF membrane. The membranes were blocked using 4% bovine serum albumin (BSA) prepared in 0.1% TBS-T for 1 h at room temperature. Blocked membranes were incubated overnight at 4˚C with primary antibodies diluted in the blocking buffer. Membranes were washed and then incubated with secondary antibodies for 1 h at room temperature followed by another wash. Blots were developed using Luminata Western HRP substrate (EMD Millipore). The immunoreactive proteins were visualized by chemiluminescence and imaged using PXi gel imaging system (Syngene, Frederick, MD).
RNA Isolation and Real Time PCR Analysis of Gene Expression
Total RNA was isolated using RNeasy mini kit (Qiagen) on Qiacube automated sample prep platform (Qiagen) according to the manufacturer's instructions. Total RNA concentration was determined by absorbance at 260 nm using Nanodrop spectrophotometer (Thermo Fisher). cDNA synthesis was performed using the High Capacity cDNA Reverse Transcription kit (Life Technologies Corp) using 250-500 ng of total RNA according to the instructions provided with the kit. One ml from a 20 ml cDNA synthesis reaction mixture was used for TaqMan assays using the StepOne Plus real-time PCR system (Life Technologies Corp). Relative quantification was performed using DDC T method with b-actin as an endogenous control.
Immunofluorescence Staining of OA Chondrocytes Chondrocytes (0.1 Â 10 6 ) were seeded in 8-well chamber slide and pre-treated with harpagoside followed by treatment with IL-1b. After completion of treatment, cells were fixed with 312 HASEEB ET AL.
4% paraformaldehyde and permiabilzed in 0.3% Triton X-100 in phosphate buffered saline. The cells were probed with anti-IL-6 primary antibody (Santa Cruz Biotechnologies) or anti-c-FOS antibodies (Cell Signaling Technologies) followed by anti-mouse or ant-rabbit Alexa Fluor 546 secondary antibodies (Life Technologies). Cells were mounted using antifade mounting medium containing DAPI stain (Vectashield, Burlingame, CA) and visualized by Olympus FV1000 confocal microscope.
IL-6 ELISA
After the treatment of chondrocytes, culture supernatants were collected, cleared by centrifugation (14,000 rpm, 5 min, 4˚C) and frozen at À80˚C until assayed. IL-6 concentration was measured in the supernatants by enzyme-linked immunosorbent assay (ELISA; Boster Immunoleader, Pleasanton, CA) according to the manufacturer's directions.
Measurement of c-FOS/AP-1 DNA Binding Activity by ELISA Activation of c-FOS/AP-1 and DNA-binding activity assay was performed using Trans-AM ELISA kit (Active Motif, Carlsbad, CA) according to the manufacturer's protocol. Briefly, chondrocytes were treated as described above for the indicated times and nuclear extracts were prepared using the nuclear extract kit (Active Motif). After clearing by centrifugation, 20 mg of the nuclear extract was added to the 96-well plates coated with oligonucleotide containing the c-FOS/AP-1 consensus binding site and incubated at room temperature for 1 h. Wells were washed and primary antibody was added to the wells to bind the target protein in the extract. After incubation for 1 h, the antibody was removed, and 100 ml of HRP-conjugated secondary antibody was added to the wells and incubated for 1 h. After thorough washing, 100 ml of developing solution was added, incubated for 2--10 min, and then 100 ml of stop solution was added. The absorbance at 450 nm was determined using the Synergy H1 multi-mode plate reader (BioTek Instruments).
siRNA-Mediated Depletion of IL-6 Expression
Scrambeled as well as anti-IL-6 shRNA clones were purchased from Origene (Rockville, MD). One million primary human articular chondrocytes were transfected with 1 mg shRNA plasmids using P3 Primary Cell 4D-Nucleofector TM X Kit on 4D-Nucleofector equipment (Lonza, Walkersville, MD) following the instructions provided by the manufacturers. Transfected cells were plated in 6-well plates. Forty-eight hours after the transfections cells were serum starved overnight followed by treatment with IL-1b (0.1 ng/ml) in serum free medium for 16 h. Gene expression levels were measured by quantitative PCR using the TaqMan assay system. Protein expression levels of secreted IL-6 and secreted MMP-13 in the culture supernatants were measured by immunoblotting.
RESULTS Harpagoside Had No Adverse Effects on Primary Human Chondrocytes Viability
Treatment of harpagoside at concentrations up to 400 mg/ml did not show any significant cytotoxic effects as compared to vehicle-treated control cells (data not shown).
Harpagoside Altered the Global Chemokine and Cytokine Expression Profile in IL-1b-Stimulated OA Chondrocytes Figure 1 shows the profile of 30 most differentially regulated chemokines and related genes in response to IL-1b treatment in the presence and absence of harpagoside. The up-regulation of a number of genes by IL-1b was significantly diminished when cells were pre-treated with harpagoside. Similarly, harpagoside reduced the down-regulation of a number of genes in response to IL-1b (The detailed list of all the 92 genes and their expression levels is provided as a supplement, supplementary data). The PCR array Figure 1 . Effect of harpagoside on IL-1b-induced chemokine profile in primary human OA chondrocytes. Primary human OA chondrocytes were pre-treated with harpagoside (300 mg/ml) for 2 h followed by treatment with IL-1b (10 ng/ml) for 16 h. mRNA expression of 92 chemokines and associated genes was profiled by human chemokine PCR array (Life Technologies) using StepOne Plus real-time PCR system. Data were analyzed on DataAssist v3.01 (Life Technologies). MyD88 and 18S rRNA were used for normalization. HARPAGOSIDE INHIBITS IL-6 AND c-FOS/AP-1 data of a subset of eight genes were validated in primary human OA chondrocytes isolated from four donors and treated with IL-1b and harpagoside as detailed above by TaqMan assay (Table 1) . Even though the degree of over-expression of these genes in response to IL-1b varied among the donors, harpagoside showed consistent suppression in the expression of all the genes in all the donors. These results were in agreement with the results obtained by PCR array profiling.
Harpagoside Inhibited the IL-1b-Induced IL-6 Expression As IL-6 has emerged as an important inflammatory factor associated with pathogenesis of OA and was one of the most differentially expressed genes in response to IL-1b that was significantly suppressed by harpagoside (Fig. 1) , we focused on the mechanism of suppression of IL-6 expression by harpagoside in human OA chondrocytes. As shown in Figure 2A , pre-treatment of primary human OA chondrocytes with harpagoside significantly blocked the induction of IL-6 mRNA in response to IL-1b, confirming the data obtained using the PCR array experiment. We also found that protein levels of IL-6, both secreted and cytoplasmic, were also significantly suppressed by pre-treatment of human OA chondrocytes with harpagoside ( Fig. 2A and B) .
Harpagoside Blocked the IL-1b-Induced Activation of c-FOS/AP-1 But Not of NF-kB and C/EBPb Transcription of IL-6 is regulated by many transcription factors including AP-1, NF-kB, C/EBP, and SP-1. We next checked the effect of harpagoside on the activation of AP-1 in IL-1b-stimulated OA chondrocytes. AP-1 is mainly formed by homo-or heterodimerization of c-FOS and c-Jun. There was a significant inhibition in the expression, phosphorylation, and binding activity of c-FOS when human chondrocytes were pre-treated with harpagoside followed by IL-1b treatment as compared to IL-1b alone ( Fig. 3A and B) . As shown in Figure 3B , c-FOS was mainly localized in the nucleus even without IL-1b treatment. The immunofluorescence analysis also shows the suppression of IL-1b-induced c-FOS expression in the presence of harpagoside. Activation of c-Jun, as shown by its phosphorylation, was not affected by harpagoside treatment. Thus, the effect was specific to c-FOS. In order to confirm the involvement of AP-1 in IL-6 induction in response to IL-1b, we used two small molecule inhibitors of AP-1. SP600125 indirectly inhibits AP-1 activation by inhibiting JNK activity 20 and T-5224 is a novel selective inhibitor of AP-1 that specifically binds to c-FOS. 21 As shown in Figure 3C , induction of IL-6 in response to IL-1b was inhibited by both the inhibitors used indicating that AP-1 is essential for IL-6 expression in IL-1b-stimulated OA chondrocytes.
We next checked the effect of harpagoside on the activation of NF-kB and C/EBPb transcription factors in IL-1b-stimulated OA chondrocytes as these factors have their binding sites in the promoter region of IL-6 gene and are known to regulate its expression in response to IL-1b. 22 As indicated by phosphorylation, these transcription factors were strongly activated by IL-1b but harpagoside did not inhibit their phosphorylation indicating that activation of NF-kB and C/EBPb was not impaired in OA chondrocytes pretreated with harpagoside and then stimulated with IL-1b (Fig. 3D) .
Involvement of IL-1b-Induced ROS Generation in the Activation of c-FOS and IL-6 Expression in Primary
Human OA Chondrocytes As IL-1b is known to stimulate the production of ROS in chondrocytes, 23 we next studied whether harpagoside exerted its inhibitory effect on the expression of c-FOS and IL-6 via suppression of ROS production. As shown in Figure 4A , both N-acetyle cysteine (NAC) and diphenyleneiodonium (DPI) had a significant inhibitory effect on IL-1b-induced mRNA expression of IL-6. NAC and DPI also inhibited the expression and phosphorylation level of c-FOS. Figure 4B shows the Harpagoside Inhibited the IL-1b-Induced Expression of MMP-13 IL-6 is a known inducer of MMP-13 expression in OA chondrocytes 24, 25 and MMP-13 has been shown to be one of the most important matrix degradation factors involved in the development of OA. 26, 27 In this study, we checked whether inhibition of IL-6 expression by . Involvement of ROS in IL-6 expression and effect of harpagoside. Primary human chondrocytes isolated from three individuals were pre-treated with harpagoside (300 mg/ml), NAC (1 mM), or DPI (10 mM) for 2 h followed by treatment with IL-1b (A), or H 2 O 2 (B), overnight. Gene expression levels of IL-6 were measured by quantitative PCR using the TaqMan assay system. Levels of total and phosphorylated forms of c-FOS were determined by Western immunoblotting. Ã p < 0.05. harpagoside also results in reduced expression of MMP-13 in human chondrocytes. As shown in Figure 5 , OA chondrocytes pre-treated with harpagoside had a dramatic reduction in the expression of MMP-13, both at mRNA and protein levels, in response to IL-1b as compared to control cells. This suggests that harpagoside is also a potent suppressor of MMP-13 in OA chondrocytes under pathological conditions.
Expression of IL-6 Is Necessary for IL-1b-Induced Expression of MMP-13
As shown in Figure 6 , all the four shRNAs against IL-6 significantly depleted the IL-1b-induced high level expression of IL-6 mRNA as well as of secreted IL-6 protein in the culture medium. Depletion of IL-6 expression was found to be directly correlated with the suppression of the mRNA and secreted protein levels of MMP-13. These results, along with results reported above, establish a direct role of IL-6 in the IL-1b-induced expression of MMP-13 in OA chondrocytes.
DISCUSSION
The symptoms associated with the degradation of the articular cartilage are pain, stiffness, inflammation of the joint, and loss of mobility. 28 Non-steroidal antiinflammatory drugs (NSAIDs) currently used in OA to suppress pain and inflammation have deleterious side effects on the gastrointestinal tract, kidney, and liver. 29 Due to the adverse effects of conventional OA drugs such as NSAIDs and corticosteroids, and their inability to suppress the progression of the disease there is immense need for the development of such pharmacological agents that can have less side effects and can suppress the degradation of the joint tissue.
Globally, there is a rise in the use of natural health products to treat OA symptoms. 30, 31 Use of these products is largely based on anecdotal evidence and their safety, efficacy, and mechanism(s) of action are poorly understood. Extracts from the roots of Devil's Claw (H. procumbens) plants, a member of the sesame family found in the Kalahari region in South Africa, is being used to treat degenerative joint disorders in several European and African countries. 32 This product has been shown to have anti-inflammatory and analgesic effects 33 with lesser adverse symptoms compared to NSAIDs making it a potential therapeutic agent in OA. 34 Harpagoside, a small molecule of iridoid family, is the main bioactive component of the H. procumbens root extracts. In the present study, we investigated the anti-inflammatory and chondroprotective effects of harpagoside in IL-1b-induced primary human chondrocytes and elucidated its mechanism of action.
Inflammation has now emerged as a characteristic feature of OA pathophysiology. [1] [2] [3] [4] Inflammatory cytokines such as IL-1b, TNF-a, and IL-6 are present at high levels in the OA joint and are the major mediators of disturbed chondrocyte function and cartilage degeneration. IL-1b is considered as the most important cytokine involved in the pathogenesis of OA because of its ability to affect both catabolic and anabolic processes in the joint as well as its ability to stimulate other inflammatory cytokines and chemokines. 35 In the present study, using a PCR array of 92 chemokines we show that IL-1b strongly stimulated the expression of a number of pro-inflammatory cytokines and chemokines and suppressed the expression of anti-inflammatory factors in cultured primary human OA chondrocytes. Harpagoside significantly suppressed the stimulatory or inhibitory effect of IL-1b on the expression of these factors. More specifically, when we investigated the role of harpagoside on the expression of IL-6, which was among the highest stimulated factors in response to IL-1b, we noticed a dramatic suppression in the expression of IL-6 in the presence of harpagoside. Since we also discovered that the expression of IL-6 mRNA was suppressed, we suspected that harpagoside might be acting through the suppression of its transcription. Earlier studies from other laboratories have established the role of the transcription factors C/EBPb, NF-kB, and AP-1 in the transcriptional regulation of IL-6. 22 Harpagoside had no effect on NF-kB and C/EBPb activation in IL-1b-stimulated OA chondrocytes. However, a significant suppression in the expression and activation of c-FOS, that is one of the two main components of AP-1 transcription factor, was observed. c-Jun, the other major component of AP-1 was not affected by harpagoside in IL-1b-stimulated OA chondrocytes.
Since earlier studies have shown that ROS stimulates the expression of IL-6 36 and activates c-FOS, 37 we checked whether harpagoside suppressed IL-6 expression and c-FOS activation by diminishing cellular ROS levels. We found a very slight increase in the expression of IL-6 in response to hydrogen peroxide, which was significantly suppressed by pre-treatment of the cells with harpagoside. The role of ROS in IL-1b induced IL-6 expression was further confirmed by using N-acetyl cysteine (NAC) and diphenyleneiodonium (DPI), two strong anti-oxidants that inhibit two different ROS producing systems. We found a slight, but significant, reduction in mRNA expression in the presence of NAC and DPI. These data suggest that ROS plays very little role in expression of IL-6 in response to IL-1b and harpagoside's role in its suppression is not through suppression of cellular ROS.
Instead, harpagoside appears to be acting very specifically via suppressing the expression and activation of c-FOS in OA chondrocytes through a different mechanism. This is further supported by the fact that harpagoside, as opposed to total H. procumbens root extracts, shows weak anti-oxidant activity in assays conducted in our lab (data not shown) and reported by others. 38 MMPs are a family of matrix degrading enzymes that are produced by chondrocytes and synoviocytes in the articular joints. MMP-13 is one of the most important collagenases involved in the degradation of type II collagen during OA. 39 High levels of IL-6 have been associated with increased production of MMP-13. 11, 12, 40 Role of AP-1 in the transcriptional regulation of MMP-13 is well-established. 41 But the interplay between IL-6 and AP-1 in MMP-13 regulation is not clear. Even though earlier studies have shown the ability of IL-6 to induce MMP-13 expression in chondrocytes, we for the first time confirmed the role of IL-6 in IL-1b-induced over-expression by siRNA-mediated knockdown of IL-6 gene. Here, we also show a dramatic suppression of MMP-13 expression by harpagoside that may be manifested by the suppression of both AP-1 and IL-6. These in vitro data suggest that harpagoside might protect the cartilage from degradation during OA by acting at multiple targets and may be a potential therapeutic agent to treat OA. But, further in vivo studies will be needed to establish its therapeutic potential.
AP-1 is a major transcription factor that directly controls the expression of several inflammatory cytokines, chemokines, and matrix metalloproteinases (MMPs) by binding directly to AP-1 motifs in the promoter region of these genes. [42] [43] [44] [45] [46] [47] [48] IL-1b exerts its effects on the expression of a number of genes by mainly activating NF-kB and AP-1 transcription factors leading to inflammation and joint destruction. There is extensive cross talk between AP-1 and NF-kB pathways downstream in the IL-1b signaling. These findings make AP-1 an important drug target to treat inflammatory and degenerative diseases like OA. Recently, Aikawa et al. reported strong anti-arthritic effects of a specific c-FOS/AP-1 inhibitor, T-5224, by suppressing the production of MMPs and inflammatory cytokines including IL-6. 21 T-5224 showed a high potential of binding to the c-FOS/c-Jun complex, thus inhibiting their DNA binding activity. 21 In the present study, we show the suppression in c-FOS expression by harpagoside in response to IL-1b. Thus, harpagoside might be acting via inhibiting the regulatory mechanism of c-FOS transcription and not by binding to c-FOS protein itself. It will be interesting in future studies to find the molecule(s) to which harpagoside might specifically bind and exert its inhibitory effect on c-FOS expression.
In conclusion, we show here that harpagoside exerts anti-inflammatory effect by suppressing the expression of many cytokines/chemokines such as IL-6 and cartilage degrading enzyme MMP-13 by blocking the activation of c-FOS/AP-1 transcription factor in primary human OA chondrocytes (Fig. 7) . These findings provide further mechanistic insight to support the 
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